This study evaluated the suitability of written materials for stroke survivors and their carers. Twenty stroke survivors and 14 carers were interviewed about the stroke information they had received and their perceptions of the content and presentation of materials of increasing reading difficulty. The mean readability level of materials (grade 9) was higher than participants' mean reading ability (grade 7-8). Satisfaction with materials decreased as the content became more difficult to read. Seventy-five percent reported that their information needs were not met in hospital. More stroke survivors with aphasia wanted support from health professionals to read and understand written information, and identified simple language, large font size, color, and diagrams to complement the text as being important features of written materials. Simple materials that meet clients' information needs and design preferences may optimally inform them about stroke.
P
eople's lives can be irreversibly changed by stroke. 1 Self-management is a system of care widely considered to be the optimal means of enhancing the well-being of people with a chronic disease such as stroke. 2 Client education is integral to the successful self-management of chronic diseases. Informed clients are more able to actively participate in decisions about their care. Client education can allay anxiety, enhance adjustment and compliance, increase client satisfaction with the quality of care, and empower clients in their relationship with health care professionals. 3 Written education materials offer a consistency of message. Because they can be referred to when required, they encourage self-paced learning. 4 Verbal education in conjunction with written information is the education process preferred by most clients 5 and is the method considered most effective in enhancing client recall. 6 Despite the value of written materials, Wellwood, Denis, and Warlow 7 reported that only 12% of consumers received written information while in the hospital. Furthermore, Hanger et al. 1 found that many stroke survivors and their carers are poorly informed about stroke, whereas Greveson and James 8 reported that a large proportion of recently hospitalized stroke survivors wanted more information.
When information is provided, it may not always meet the needs of stroke survivors and their carers. For example, lack of information about community services and the recovery process has been reported. 8 Reasons for the disparity between desired information and what is actually provided have been suggested. These include lack of time or skills on the part of health professionals, inability or unwillingness to absorb information on the part of stroke survivors and their families, and a lack of good quality educational materials. 9 For written materials to be effective, they must be relevant, accessible, and readable. Whether written materials can be read is dependent on two factors: the client's reading ability and the readability of the written materials. Stroke can occur in people of all ages, but the majority of those affected are older. Older age has been associated with a lower reading ability, 10 and the neurological deficits that occur with stroke can also impact reading ability. In particular, aphasia has a significant effect on reading, 11 which makes stroke survivors with aphasia particularly vulnerable to a lack of information about stroke.
The term readability refers to the ease of comprehension of written material with respect to its writing style. The readability of many written health materials evaluated with reading formulae has been found to range from grade 10 schooling up to college/university levels and above. 12 Readability may also be affected by design features of the written material including font size, spacing, color, organization and flow of content, visual appeal, and relevance and personalization to the reader. 13 The application of readability formulae may be useful in determining the general reading levels of written materials, 14 but it is also important to obtain feedback from the target audience on their preferences for the design and delivery of written information. 15 This study aimed to determine how suitable the content and design of written materials are for stroke survivors and carers.
In this study, the reading ability of a sample of stroke survivors and their carers was assessed and compared to the readability levels of written stroke education materials. Stroke survivors and carers were asked about the nature and relevance of the written information they received in the hospital and after discharge. Stroke survivors' and carers' satisfaction with and opinions of three examples of stroke material, representative of the range currently available, were also explored.
Specifically, the following research questions were addressed:
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Method

Participants
Participants were a convenience sample of 20 stroke survivors and 14 primary informal carers of stroke survivors. They were approached through community-and university-based support groups as well as the researchers' own network. To be eligible to participate, participants had to have had a stroke or be caring for someone who had a stroke, live in the community, and be able to read and speak English well enough to provide informed consent and participate in the study. Candidates were ineligible if they were living in a residential facility; had an obvious cognitive impairment, inadequate vision, or hearing; or had global aphasia as assessed by the speech pathologist involved in this study. Participants with aphasia were actively recruited to the study in order to determine their specific perceptions of written materials. The speech pathologist involved in this study assisted in identifying those participants able to give informed consent and participate in the interview process.
Written materials
Fifty-three written education materials were obtained for later analysis of their readability levels and suitability scores. These were obtained from allied health personnel in metropolitan stroke units as well as from the National Stroke Association (Australia), National Heart Foundation of Australia, the Stroke Association of Queensland, Australian Brain Foundation, and the Stroke Recovery Association of New South Wales.
Measures
Interview questionnaire
A questionnaire was developed to collect data for this study as part of a face-to-face interview. The questionnaire was piloted on 10 stroke survivors and carers from a stroke support group and the researcher's network. Minor revisions were made based on their feedback. Changes included the rewording of some questions to reduce ambiguity and the inclusion of further response options for particular questions. The revised questionnaire began with 14 questions that focused on participants' demographic details including age, education level, employment status, and living arrangements. Clinical details including the duration since the stroke, stroke-related impairments, and the presence of secondary illnesses were obtained from the stroke survivors and carers, as well as the researcher's clinical observation.
The second section of the questionnaire focused on the information that participants had received about stroke. A distinction was made between the information received during hospital admission and received after discharge. Participants were asked about the format of the material; its source, content, and design; and whether they read it. This section was in a checklist format, with checklist items derived from the literature and 10 participants in the pilot study. For example, in the section on what was good about the information provided, items included "used simple language," "included pictures/diagrams," and "used a question and answer format." In the question on why information was not read, items included "unable to read it," "too much information," "not enough information," "not the right information," and "not the right time." Suggestions for the material's improvement were also sought.
The third section of the questionnaire required participants to read three of the materials selected as representative of the range of readability levels from those collected. They were asked to score the materials on a visual analogue scale of 0 to 10 using several criteria (how easy the material is to read and understand, how well it provides appropriate information, font size, color of print and diagrams, quality and appropriateness of drawings/diagrams, and general layout). They then ranked the three materials from best to worst.
The questionnaire is available from the researchers on request.
Reading ability
The Rapid Estimate of Adult Literacy in Medicine (REALM) 16 was used to assess participants' reading ability. The REALM is a screening tool developed to assist health practitioners to identify people with limited reading skills and to estimate reading levels. It is a reading recognition test that measures the person's ability to read aloud 66 commonly used medical and lay terms for body parts and illnesses. 16 The words are presented to the reader in a set order with one and two syllable words (e.g., stress, kidney) progressively replaced by four and five syllable words (e.g., emergency, antibiotics). Raw scores range from 0 to 66 and are converted into four grade range estimates of literacy: 3rd grade and below, 4th to 6th grade, 7th to 8th grade, and 9th grade and above. These levels can be used to identify people who may have difficulty reading words in a medical setting. 16 The REALM's criterion validity was established through correlations with the raw scores of three standardized reading tests: the Wide Range Achievement Test-Revised (r = 0.88), the Slosson Oral Reading Test-Revised (r = 0.96), and the Peabody Individual Achievement Test (r = 0.97). The REALM has a reported test-retest reliability of 0.99 and interater reliability of 0.99.
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Readability and suitability analysis of written materials
Readability. Readability was assessed using the RIX formula. 17 The RIX is an Australian readability formula that is based on analysis of word length and number of sentences. The RIX computes the number of long words divided by the number of sentences to gain a rate index (to two decimal places). The rate index is then compared against equivalent grade levels to give an estimate of the reading difficulty. Long words are defined as those with seven or more characters, excluding hyphens, punctuation marks, and brackets. The RIX procedure involves selecting and counting 10 samples of 10 sentences taken regularly throughout the text. If there are fewer than 10 samples of 10 sentences available, as often occurs in patient information brochures, the full text is analyzed. Sentences include headings and bullet points, 17 because writers frequently use these to enhance readability. Readability studies of the RIX have indicated correlations of 0.96 with the well-known Fry and Flesch formulae. 17 Validity studies have demonstrated agreement exceeding 0.80 between the Cloze procedure (an assessment of comprehension) and the RIX.
Suitability. The researchers used the Suitability Assessment of Materials (SAM) instrument 18 to score the written materials. The SAM consists of 22 items grouped under six factors, namely content, literacy demands, graphics, layout and typography, learning stimulation and motivation, and cultural appropriateness. Each of the 22 items is rated in terms of the degree to which it meets set criteria, on an ordinal scale of 0, 1, 2, and not applicable, where 0 = inadequate, 1 = adequate, and 2 = superior. Scores are summed to yield an overall raw score for the material. This is converted to a percentage of the possible total score for that material, with 70%-100% being considered to be superior material, 40%-69% adequate material, and 0%-39% not suitable material.
Procedure
Ethical approval for this study was obtained from a university ethics committee.
Analysis of written materials
The first author manually calculated the RIX and SAM scores for the written materials. Six materials were not eligible for SAM analysis because they were photocopies of the original documents and therefore particular layout and color aspects could not be assessed. Three materials of low, medium, and high reading difficulty, as determined by their RIX formula score, were selected for the participants to evaluate.
Participant interviews
After the study was explained to participants and consent was obtained, interviews were conducted with participants using the three sections of the questionnaire and the REALM was administered. Interviews were either conducted in participants' homes (n = 22) or in the facilities in which the stroke support groups met (n = 12). When both the stroke survivor and carer (n = 10) were participating, interviews were conducted separately. The average duration of the interviews was 60 minutes.
Aphasia-friendly features
An aphasia-friendly approach was used in the consent process and questionnaire to assist participants' understanding. The interviewer used a slower vocal pace, rephrasing, and gestures to enhance communication. Icons and symbols were used where possible.
Data analysis
Data were entered into the Statistical Package for Social Sciences (SPSS, version 10; SPSS Inc., Chicago, IL) and analyzed descriptively.
Results
Participants
Participants were 20 stroke survivors and 14 carers of stroke survivors, aged from 41 to 76 years of age. Seventeen participants were recruited from stroke support groups and 17 from an aphasia-specific support group. Participants' demographic and clinical characteristics are presented in Table 1 .
Written materials
Fifty-three materials were collected and analyzed. Table 2 outlines their source. In terms of topics, 14 dealt with impairments or problems that result from stroke, 13 contained general stroke information, 8 detailed the health and community services available to stroke survivors and their families, 6 were about risk factors and the causes and prevention of stroke, 5 focused on transient ischaemic attacks and the signs and symptoms of stroke, 5 provided information about specific stroke units, 1 was on coping after stroke, and 1 dealt with neuropsychological assessments for stroke survivors. The format and source of the information received are presented in Tables 3 and 4 , respectively.
Reading ability
According to the REALM, the majority (11 or 55%) of stroke survivors read at a grade 7 to 8 level while most carers (8 or 57.1%) read at a grade 9 level or above. Table 5 provides details of REALM scores for both stroke survivors and carers.
Readability levels and suitability scores
The written materials were analyzed as having a readability level ranging from 6th grade to college level on the RIX, with a mean of grade 9 (SD 1.5) (refer to Table 3 ). On scoring the SAM, 2 (3.8%) materials were rated as superior, 1 (1.9%) was bordering superior-adequate, 37 (69.8%) were adequate, and 7 (13.2%) were categorized as not suitable. Of the 10 stroke survivors with aphasia, 3 (30%) had a grade 3 or below reading level, 1 (10%) was between grades 4 and 6, and 6 (60%) were between grades 7 and 8. This gave a mean reading level of between grades 4 and 6. The mean reading ability of the 10 stroke survivors who did not have aphasia was between grades 7 and 8. Six (60%) were between grades 7 and 8, and four (40%) had a reading level of grade 9 or above.
Participants' reading ability compared to the readability level of materials
The mean readability level of the written materials was above the mean reading ability of participants. Four (20%) stroke survivors (all without aphasia) and eight (57.1%) carers read at a level (grade 9 and above) that may have, theoretically, enabled them to read all of the written materials (see Table 3 ). However, participants who read at the REALM's highest measurable level (grade 9 and above) may not necessarily have been able to read the materials with grade 11, 12, and college readability levels. Eleven (55%) stroke survivors (five with aphasia and six without) and six (42.9%) carers would have been able to read less than a third of the materials, and five (25%) stroke survivors (all with aphasia) would have been able to read only 2 of the 53 materials. Although almost all participants recalled receiving verbal information from health professionals, fewer recalled receiving written information. Nine (45%) stroke survivors and nine (64.3%) carers recalled receiving written information during the stroke survivor's inpatient admission. This increased to 20 (100%) stroke survivors and 12 (85.7%) carers in the period since the stroke survivor's discharge from hospital. In terms of differences between the information received by stroke survivors with and without aphasia, nine (90%) with aphasia were provided with videotaped information after discharge compared to one (10%) without aphasia. Eight (80%) stroke survivors with aphasia reported obtaining information via family and friends while in hospital compared to three (30%) without aphasia. Six (60%) stroke survivors with aphasia recalled obtaining information from health professionals in the hospital compared to all 10 (100%) stroke survivors without aphasia.
When asked if they read the written information received, 19 (55.9%) participants stated that they had read some or all of the received information during the stroke survivor's hospitalization. This increased to 32 (94.1%) after discharge. Stroke survivors without aphasia were more likely to read the information completely. Of those who did not read the information or read only some of it (n = 24), the reasons provided are presented in Table 6 . More stroke survivors with aphasia (60%) reported being unable to read the material due to stroke-related impairments than those without aphasia (30%).
Informational needs
Fifteen (75%) stroke survivors and 11 (78.6%) carers reported that their informational needs were not completely met in hospital. Five (35%) stroke survivors and four (28.6%) carers reported this after discharge. Table 7 lists the most commonly reported areas in which participants felt they would have liked more information while in the hospital and after discharge.
Reason
In hospital After discharge Information on some topics was consistently sought in hospital and after discharge while other topics were of interest at particular stages. Participants identified a need for help in accessing desired information in hospital (55.9%); more support from health professionals to read and understand it (50%); and information provided in verbal and written combination (44.1%), specific to their needs (41%), and incorporating simple language (32.4%). Seven (70%) stroke survivors with aphasia wanted more support from health professionals and simpler language compared to three (30%) without aphasia. In addition to the suggestions for improvement of stroke information provided during hospital admission, participants expressed a need for more diagrams in written materials provided after discharge (29.4%). Six (60%) stroke survivors with aphasia wanted more instructional diagrams, figures, and pictures compared to one (10%) without aphasia.
Perceptions of three examples of written materials
Examples of materials of low (grade 7), medium (grade 9), and high (grade 11) reading difficulty, as determined by the RIX formula scores, were selected for review and ranking by participants. The grade 7 material, entitled "Stroke -Your Questions Answered," was a glossy booklet consisting of black and blue print on a white background and five pictures. It was revised by the Stroke Association of Queensland in 1998. The grade 9 material, "High Blood Pressure: Medically Known as Hypertension and Stroke," was developed by the National Stroke Foundation in 2000. It was a semi-glossy fold-out brochure, consisting of black print on a white background, one picture on the front cover, and splashes of red, blue, and purple throughout. The grade 11 material, "Social Aspects -Information Sheet," was developed by the Stroke Recovery Association and did not contain a publication date. It contained black print on a blue background and five pictures throughout.
Participants' satisfaction with these materials and their perception of them as being easy to read decreased as the materials' reading level increased and suitability scores decreased. The grade 7 material, which had a SAM score of 58%-60% or adequate, was ranked by 24 (75%) participants as the best. The grade 9 material, with a SAM score of 50% or adequate, was ranked second by 15 (47%) participants. The grade 11 material, with a SAM score of 47% or adequate, was ranked by 19 (59%) participants as the worst.
Participants' scores for the three materials on several criteria (how easy the material is to read and understand, how well it provides appropriate information, font size, color of print and diagrams, quality and appropriateness of drawings/diagrams, and general layout) again reflected mostly a linear trend, with rankings being best for the grade 7 material and worst for the grade 11 material. Exceptions to this trend were influenced by specific features of the materials and the presence of aphasia. For example, stroke survivors with aphasia ranked the blue background of the grade 11 material more highly than other participants. They also appeared to have more concerns with the content and presentation of the materials. They ranked the grade 7 and grade 9 materials lower than other participants in terms of providing appropriate information, font size, color, and layout. Participants identified the use of technical words, small font size, poor organization of information, information "overload," and an absence of simple visual aids as impeding their understanding of the materials.
Discussion
The aim of this study was to determine the appropriateness of current written educational materials for stroke survivors and their carers in terms of their readability, content, and design. Specific responses of stroke survivors with aphasia to written materials were analyzed to determine ways that the accessibility of information for people with aphasia can be improved. People with communication problems are often excluded from studies because of an apparent inability to provide appropriate responses. Combined with difficulties in understanding and expression, the reading difficulties of people with aphasia make them particularly vulnerable to lack of information about stroke.
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The stroke survivors who participated in this study were similar to those in other studies in terms of gender balance, percentage with recurrent stroke, and age of their carers. However, they had more years of formal education (M = 11.4 years) compared to other studies (8 years). 9 The higher education levels of participants in this study may be explained by the younger age of participants (M = 58 years) compared to other studies (M = 65-75 years). 7, 9, 19 Older people are more likely to have a low reading ability. 10 To determine the match between the reading ability of participants and the readability of educational materials, the REALM reading assessment and the RIX readability formula were used. Both of these assessments generate a reading grade level to enable their equivalency to be determined. While the carers' average reading ability was assessed at a grade 9 level or higher using the REALM, the reading ability of the stroke survivors was lower, despite both groups having similar years of education. This supports the assumption that stroke has an impact on reading ability, most likely because of a combination of cognitive and visual perceptual impairments. 20, 21 People with aphasia had considerably lower scores on the REALM, scoring between grades 4 and 6. The effect of aphasia on reading ability is one of the key features of the disorder. Even though it may not be appropriate to express the reading ability of people with aphasia in terms of grade levels because the aphasia is an acquired impairment rather than a developmental literacy disorder, the REALM serves to illustrate the substantial effect of an aphasic reading impairment on comprehension of medical literature.
Using the RIX formula, the readability levels of the 53 educational materials that were analyzed ranged from 6th grade to college level, with the majority (68%) being at or above a grade 9 level. Therefore, for the stroke survivors in this study, most of the materials were written at a level that exceeded their reading ability. This supports other studies in the literature that have found high readability levels in client education materials. 12, 22, 23 Materials should be written at a level able to be read by the majority of clients comprising the intended audience. 24 For the sample of stroke survivors in this study, materials should have been written at a level no higher than grade 6, a recommendation generally supported in the literature. [25] [26] [27] Indeed people of all reading abilities have been shown to prefer materials that are more simply and clearly written. 24 This is supported by the finding in this study that as the reading difficulty of the materials decreased, participants' satisfaction with them increased.
Readability formulae are equations that predict the reading ability necessary to understand a given piece of text. They are based on variables such as average sentence length in syllables or words, the proportion of common words used, and the proportion of words that are monosyllabic or that contain three or more syllables. 15 Although readability formulae can be useful, they do not comprehensively evaluate the effectiveness of written materials. They do not assess the style and design of the information provided. Instruments such as The Suitability of Assessment Materials (SAM) 18 can be used to evaluate written materials against factors known to enhance people's understanding of written materials.
Contrary to the suggestion by Sullivan and O'Conor 23 that the existing layout of materials might be satisfactory, most (70%) of the 53 materials analyzed in this study using the SAM scored as only adequate in terms of their content, literacy demand, graphics, layout and typography, learning stimulation and motivation, and cultural appropriateness. As the SAM score for select materials improved, participants' satisfaction with them increased. Guidelines for improving the style and presentation of written education material are provided in the literature. [28] [29] [30] [31] [32] Participants in this study identified some of these features. For example, they suggested that simplifying the language, avoiding the use of technical words, using a large font size, and organizing information simply and logically would enhance their understanding of written materials. Stroke survivors with aphasia had more specific design preferences than other participants. For example, they favored the use of color and the addition of diagrams to support the text. This may be due to the fact that these participants were part of a support group that promoted the benefits of augmenting text with diagrams to enhance readability.
Over three quarters of participants in this study felt that their information needs were not met or were only partially met during the stroke survivor's hospital admission, a finding that has been previously reported in the literature. 7, 9, 33 Although almost all participants reported receiving verbal information from health professionals, just under half did not recall receiving written information during hospital admission. According to Rodgers et al., 9 reasons for this lack of recall may be due to retention difficulties because of distractions; drowsiness and anxiety; and provision of information that is unclear, too complicated, or too general or that does not address issues pertinent to the individual. Several of these factors were reported when participants in this study were asked why their information needs were not met. It must also be acknowledged that time since stroke (mean 6 years) may have led to recall difficulties.
Participants reported a lack of information in areas commonly identified in the literature, such as general stroke information, treatments, specific stroke-related impairments, available community supports, legal and financial affairs, and how to access information. To overcome gaps in the deliv-ery of information, Coulter et al. 29 advocated that the people for whom the materials are intended should be involved throughout the development process; these people should be consulted about the intended purpose of the materials, their information needs, their design preferences, and the evaluation of the finished product.
Patients' information needs change over time. 34 For example, in this study, participants wanted information about the causes and prognosis of stroke during hospitalization and prevention of stroke and new treatment developments after discharge. Furthermore, participants in this study identified the need for individualized information, delivered in both written and oral formats, with support from health professionals in accessing and understanding it. This highlights the need for assessing the individual's informational needs prior to the provision of information. 29, 30, 35 Assessment of client and carer needs allows them to indicate their preferences for what and when they want to learn. 36 
Practice implications
The results of this and other studies indicate that the information needs of stroke survivors and their carers are not currently being completely met. Health professionals who work with this population need to be aware of the many factors that influence the use of written information to maximize the impact of the message. Tailoring information to the target audience should ensure that relevant information is delivered in the most optimal format. This requires attention to the readability and presentation of the materials, as well as assessment of the target audience's reading ability, information needs, and content and design preferences.
Health professionals should ideally try to match written material to their clients' reading ability or at least follow the guidelines known to lower readability levels in order to maximize the number of clients who can access the material. Stroke survivors and their family members should be invited to participate in the design of written materials and education programs for the stroke population.
Aphasia can affect a person's ability to read and understand written information. Specific aphasia-friendly features of written materials that can enhance readability and understanding for people with aphasia include simplifying the language used, increasing font size, using a lot of white space, including relevant pictures or icons to illustrate the message, verbally explaining the written material, and allowing people with aphasia more processing time.
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Limitations
Because this study was based on a small sample of participants (N = 34) who were a mean of 6 years post stroke and were conveniently recruited from stroke support groups, the results of this study may not be representative of stroke survivors and their carers. Participants relied on recall to describe their past informational needs, and this may have been compromised by the fact that a mean of 6 years post stroke had elapsed. Participants from the two support groups appeared to be informed of the benefits of written information and the key features used to enhance design. Additional limitations related to a lack of reliability and validity data for the questionnaire used in this study and the fact that the participants had a higher education level than those in similar studies.
Conclusion
The results of this study show that the readability levels of written stroke educational materials were too high for many stroke survivors, particularly those with aphasia. It also provides further evidence that the information needs of stroke survivors and their families are not currently being completely met. Participants in this study identified their preference for individualized information delivered in a combination of oral and written formats. More stroke survivors with aphasia identified the need to use simple language, large font size, color, diagrams to complement the text, and support from health professionals to read and understand the content. Future research is needed to determine if the provision of written information tailored to individual needs in terms of its readability, design, and relevance makes a difference to clients' and carers' knowledge of and satisfaction with information about stroke.
